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(54) RARE EARTH ELEMENT-FE-B-THIN FILM PERMANENT MAGNET 

(57)Abstract: 

PURPOSE: To get excellent magnetic property even if a 
permanent magnet is thin by putting this magnet in 
pillar-shaped structure where a grain boundary being a 
nonmagnetizing phase made through in the direction of 
film thickness and the magnetic main phases separated 
among particle phases extend in the direction of film 
thickness, and putting the aspect rate of the pillar- 
shaped structure to a specified value or over. 
CONSTITUTION: A rare earth element-Fe-B thin film § 
permanent magnet, which consists of alloy having R (R 
shows Nd and/or Pr out of rare earth elements), Fe, and ft 
B for its main ingredients, is made in pillar-shaped 
structure where a grain boundary 4 being a 3 
nonmagnetizing phase is made through in the direction of 
film thickness, and also magnetic main phases 5 
magnetically separated among particles extend in the 
direction of thickness, and besides the aspect ratio 
(length/diameter ratio) is 5 or over. And, this has 
excellent magnetic property even if it is thin. Hereby, a 
rare earth element-Fe-B thin film permanent magnet, which can exhibit favorable magnetic 
property besides being thin, can be materialized. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] While the grain boundary which is the rare-earth-elements-Fe-B system thin film 
permanent magnet which consists of an alloy which uses R (R expresses Nd and/or Pr among 
rare earth elements), and Fe and B as a principal component, and is a nonmagnetic phase is 
pierced through and formed in the direction of thickness The rare-earth-elements-Fe-B system 
thin film permanent magnet which has the columnar structure to which the magnetic main phase 
separated magnetically extends in the direction of thickness, and is formed between particles, 
and is characterized by the aspect ratio (die length / diameter ratio) of this columnar structure 
phase being five or more. 

[Claim 2] Atom [ R:8 to 18 ] %, atom [ B:5 to 10 ] %, the remainder: The rare-earth-elements- 
Fe-B system thin film permanent magnet according to claim 1 which is what consists of Fe 
substantially. 

[Claim 3] The rare-earth-elements-Fe-B system thin film permanent magnet according to claim 
2 which permutes a part of Fe by Ag below 1 .5 atom %. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This magnet makes the start various electric products and a computer 
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for home use about the rare-earth~elements-Fe-B system thin film permanent magnet which 
has outstanding magnetic properties, and this invention is useful as a material of the electrical 
and electric equipment and electronic ingredients, such as a high performance small motor. 
[0002] 

[Description of the Prior Art] A permanent magnet is an ingredient which generates a field, even 
if it does not supply electric energy from the exterior, and the need makes a subject the above 
electrical and electric equipment and electronic ingredients, and has been growing increasingly. In 
recent years, the rare earth magnet attracts attention as the 3rd permanent magnet which ranks 
second to a ferrite magnet and an alnico magnet. This rare earth magnet was expected to 
demonstrate the outstanding magnetic property which can contribute to a miniaturization and 
highly-preciseHzing of an electric product or a precision equipment, and shows progress with 
active physical-properties research side and industrial-engineering side. Permanent magnets, 
such as a rare-earth-elements-transition element~B system, for example, Nd-Fe-B, and Pr-Fe- 
B, are expected especially especially in recent years, and the maximum energy product [it may 
express with (BH) max below] shown by the product of a residual magnetic flux density (Br) and 
coercive force (iHc) is said to be high while the permanent magnet of this system has high 
coercive force (iHc). 

[0003] Although the permanent magnet presentation of this invention makes a fundamental 
component rare-earth-elements (however, Nd and/or Pr)-Fe-B and also explains the evaluation 
in full detail later on including Ag as occasion demands as the 4th component Suppose for 
convenience that 3 element magnet of a rare-earth-elements-Fe-B system (it may be hereafter 
called a R-Fe-B system for short) is taken up typically, and is described in the following 
explanation. 

[0004] By the way, as the manufacture approach of a R-Fe-B system magnet, the sintering 
process, the melt quenching method, etc. are known as a typical approach, and formation of a 
thin film permanent magnet is performed by these approaches. It is known that the magnetic 
properties of a magnet ingredient will be greatly influenced in a detailed organization. And with a 
sintering mold magnet By considering as the structure where the grain boundary phase 1 fully 
encloses the main phase crystal grain 2 as shown in drawing 2 , (Three in **** shows a 
substrate) The generating site of a reverse magnetic domain is decreased and it is said that 
magnetic properties can be raised (the Japan Institute of Metals, and 57th volume No. 4 (1993) P 
470-477). Moreover, with the high-speed quenching mold magnet, it consists of detailed main 
phase crystal grain and amorphous substances, and it is said by adjusting a quenching rate that 
high magnetic properties are acquired (the Institute of Electrical Engineers of Japan paper 
magazine A, 113 No. 4 (1993), P251-260). 
[0005] 

[Problem(s) to be Solved by the Invention] However, when it sees in the direction of thickness in 
the R-Fe-B system permanent magnet obtained by a sintering process which was described 
above, and liquid sudden cooling, crystal grain is structure irregularly piled up on both sides of 
the grain boundary phase, and the contribution of magnetic shape anisotropy to a perpendicular 
magnetic anisotropy is small. Moreover, coercive force is a reverse magnetic-domain type of 
seasonal prevalence influenced by the generating field of a reverse magnetic domain, and actual 
coercive force is as small as about 1 of the flux reversal field Ha of the single domain particle 
which has uniaxial anisotropy theoretically / ten to 2/5. the above from such a thing — the 
actual condition is that implementation of the permanent magnet for products which cannot 
realize the permanent magnet with which it can be satisfied of both the properties of thinning 
and high-performance-izing by any approach, but can meet enough a demand in recent years 
called a miniaturization and high-performance-izing is desired. 

[0006] On the other hand, the approach by the sputtering method which is looked at by JP,4- 
9901 0,A is also proposed as the new formation approach of a R-Fe-B system thin film 
permanent magnet. This technique grows up C shaft which is an easy axis of the R2 Fe14 B 
phase which is the main phase in the direction of thickness, and forms the film which has an 
anisotropy strong against the direction of thickness. However, with this technique, about a 
nonmagnetic grain boundary phase or magnetic shape anisotropy, it is not taken into 
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consideration at all, but the further improvement in magnetic properties is desired. 
[0007] This invention is made under such a situation, the purpose realizes film with which the 
effectiveness of magnetic shape anisotropy is given, and a grain boundary phase which serves as 
a rotation magnetization mold from the conventional reverse magnetic-domain type of seasonal 
prevalence in a coercive force device is to offer the rare-earth-elements-Fe-B system thin film 
permanent magnet which is thin meat and can moreover demonstrate good magnetic properties, 
while separating between particles magnetically. 
[0008] 

[Means for Solving the Problem] This invention which could attain the above-mentioned purpose 
is a rare-earth-elements-Fe-B system thin film permanent magnet which consists of an alloy 
which uses R (R expresses Nd and/or Pr among rare earth elements), and Fe and B as a 
principal component. While the grain boundary which is a nonmagnetic phase is pierced through 
and formed in the direction of thickness, between particles, the magnetic main phase separated 
magnetically has the columnar structure prolonged in the direction of thickness, and is formed. 
And it is the rare-earth-elements-Fe-B system thin film permanent magnet which has a 
summary at the point that the aspect ratio (die length / diameter ratio) of this columnar 
structure phase is five or more, the rare-earth-elements-Fe-B system thin film permanent 
magnet of this invention — R:8 to 18 atom %, B:5 to 10 atom %, and remainder: — the thing of 
the chemical entity presentation which consists of Fe substantially is desirable, and permuting a 
part of Fe by Ag in the range below 1.5 atom % also has it. [ effective ] 
[0009] 

[Function] this invention persons repeated examination about the relation of the crystalline- 
structure structure and magnetic properties especially that thin meat should moreover realize a 
highly efficient permanent magnet on the basis of the technique proposed so far. Consequently, 
in what the R2 Fe14 B phase which is the grain boundary phase and the magnetic main phase 
which are a nonmagnetic phase is presenting specific organization, even if it was thin meat, it 
turned out that extremely excellent magnetic properties are shown. Namely, as shown in drawing 
1 , while the grain boundary 4 which is a nonmagnetic phase is pierced through and formed in the 
direction of thickness The magnetic main phase 5 (for example, R2 Fe14 B phase) separated 
between particles has the columnar structure prolonged in the direction of thickness, and is 
formed. And a header and this invention were completed for (BH) max expressing and H* 5 ^ 5 ^^ 5 ^ 5 ^ 
(ing) compared with a permanent magnet as the aspect ratio (die length / diameter ratio) of this 
columnar structure phase showed with the conventional technique in the thing of the 
predetermined range (in addition, three show a substrate among d rawin g 1 ). 
[0010] Although not the all could be solved about the reason the above effectiveness was 
acquired by this invention, probably it can think as follows. That is, by the above organization, 
since the magnetic main phase has [ the aspect ratio ] the large columnar structure, while 
magnetic shape anisotropy arises and the magnetic anisotropy of the direction of thickness 
becomes large in addition to a crystal magnetic anisotropy, since said magnetic main phase is 
magnetically separated between particles, the magnetic interaction between particles becomes 
weaker, and it is thought that coercive force becomes large. 

[001 1] Next, the alloy presentation which constitutes the R-Fe-B system magnet of this 
invention is explained. As rare earth elements, it needs to be first referred to as Nd and/or Pr. 
That is, if that the highest magnetic properties are acquired needs to be Pr and/or Nd as rare 
earth elements since it is Pr and Nd and other rare earth elements are included, the magnetic 
properties for which it wishes will not be acquired. 

[0012] In the R-Fe-B system magnet of this invention, if there is too little R, R2-Fe14~B (an 
atomic ratio, for example, Pr2 Fe14B) which is the main phase will become is hard to be formed, 
and magnetic high performance-ization will not be attained. Considering such a viewpoint, as for 
the rate of R, it is desirable to carry out to more than 8 atom %. On the other hand, if 18 atom % 
is exceeded about an upper limit, the excess of R rich phase which is a nonmagnetic phase is 
caused, this serves as a fall of flux density (Br) etc., and appears, and good magnetic properties 
cannot be demonstrated. In addition, the more desirable presentation rate of R is the range of 1 2 
- 1 5 atom %. 
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[0013] On the other hand, as for B, it is desirable to consider as five to 10 atom %, under by 
pentatomic %, lack of the rate of the main phase volume arises, and it causes the fall of flux 
density (Br). It is R2 Fe4 B4 which does not have magnetic properties about an another side 
upper limit. It is desirable to carry out from a viewpoint of preventing the fall of the coercive 
force (iHc) by the appearance of a phase, to below 10 atom %. In addition, the more desirable 
range of B is 7 - 9 atom % extent. 

[0014] In the R-Fe-B system magnet of this invention, although it is Fe (namely, Fe and an 
unescapable impurity) substantially except Above R and B, it is also effective to permute a part 
of Fe by Ag. That is, whenever [ magnetic isolated / between the grain children who add Ag ] 
improves, and (BH) max increases. However, if the addition of Ag is made [ many / not much ], a 
nonmagnetic grain boundary phase will increase, and it is (BH) max. Since it falls on the contrary, 
it should carry out below 1.5 atom %. In addition, the more desirable range of the addition of Ag is 
below 1 atom %. 

[0015] Although it is necessary to make the aspect ratio (die length / diameter ratio) of said 
columnar structure phase (the magnetic main phase) in the R-Fe-B system thin film magnet of 
this invention or more into five, it becomes what has the small improvement in the property 
according [ this value ] to magnetic-shape-anisotropy grant less than by five. 
[0016] In addition, this invention persons are an aspect ratio and (BH) max. And when the 
relation of thickness is considered, it is checking about the following point. Namely, with a Nd- 
Fe-B system thin film magnet, at 5 micrometers, thickness is the thing of 5-15 and an aspect 
ratio is (BH) max. 1 7 - 18MGOe is attained, an aspect ratio is the thing of 20-50 in 20 
micrometers of thickness, and it is (BH) max. 14 - 16MGOe was attained. 

[0017] Although what is necessary is just to make it form the magnetic main phase which has a 
columnar structure by the sputtering method fundamentally as an approach of manufacturing the 
R-Fe-B system thin film permanent magnet of this invention, if the above detailed organizations 
can be formed, a vacuum deposition method, a CVD method, etc. are also employable. Moreover, 
although it does not limit especially about the conditions at the time of manufacturing, especially 
in order to form the above-mentioned organization, it is desirable to make substrate temperature 
at the time of manufacture into about 500-700 degrees C. That is, at less than 500 degrees C, 
the film will be [ the substrate temperature at this time ] in an amorphous condition, hard 
magnetism is not acquired, but if it exceeds 700 degrees C, phases other than R2 Fe14B (for 
example, alpha-Fe equality) will generate, and it is (BH) max. It will decrease. Furthermore, 
sputtering gas ** at the time of manufacturing the R-Fe-B system thin film permanent magnet 
of this invention is good to make it higher than the conventional approach (for example, 8x10- 
3Torr extent) (for example, 15x10-3Torr extent). 

[0018] Although an example explains this invention to a detail further below, the following 

example is not the thing of the property which limits this invention, and each thing marked and 

done to before and the after-mentioned meaning for a design change is included in the technical 

range of this invention. 

[0019] 

[Example] 

The alloy target into which the example 1 presentation rate was changed was used, and the Nd- 
Fe-B alloy thin film magnet of various presentation rates was created by the DC sputtering 
method (sputtering-gas **: 1 5x10-3Torr). Substrate temperature was made into 600 degrees C 
at this time. Moreover, the thickness of a thin film was 20 micrometers. Furthermore, it checked 
that the obtained thin film was the crystalline structure which showed said drawing 1 by electron 
microscope observation. About the obtained alloy thin film magnet, it is maximum energy product 
(BH) max by the oscillating sample mold magnetometer (VSM) respectively. It measured. 
Maximum energy product (BH) max of the thin film magnet which considers Nd, and B and Fe as 
a basic presentation at drawing 3 A slash shows the presentation range where a value exceeds 
14MGOe(s). In addition, the aspect ratios of the thing exceeding 14MGOe(s) were 20-50. 
[0020] The alloy target into which the example 2 presentation rate was changed was used, and 
the Pr-Fe-B alloy thin film magnet of various presentation rates was created by the DC 
sputtering method (sputtering-gas **: 1 5x10~3Torr). Substrate temperature was made into 600 
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degrees C at this time. Moreover, the thickness of a thin film was 20 micrometers. Furthermore, 
it checked that the obtained thin film was the crystalline structure which showed said drawing 1 
by electron microscope observation. About the obtained alloy thin film magnet, it is (BH) max by 
VSM respectively. It measured. (BH) max of the thin film magnet which considers Pr, and B and 
Fe as a basic presentation at drawin g 4 A slash shows the presentation range where a value 
exceeds 14MGOe(s). In addition, the aspect ratios of the thing exceeding 14MGOe(s) were 20- 
50. 

[0021] The presentation of B was uniformly carried out to example 3Nd, the presentation of Fe 
and Ag of the remainder was changed, and membranes were formed. Drawing 5 is Nd12-Fe83-x- 
B5-Agx. (BH) max by change of membranous Ag addition (x) It is the graph which shows change. 
In addition, the result of drawing 5 is performed in each presentation on the membrane formation 
conditions from which maximum was obtained. Moreover, the obtained alloy thin film magnet 
checked that an aspect ratio was the crystalline structure which showed drawing 1 by 20-50 by 
electron microscope observation. Addition of Ag below 1.5 atom % is (BH) max so that clearly 
from this result. It turns out that it is effective in improvement. 

[0022] The presentation of B was uniformly carried out to example 4Pr, the presentation of Fe 
and Ag of the remainder was changed, and membranes were formed. Drawing 6 is Pr12-Fe83-x- 
B5-Agx. (BH) max by change of membranous Ag addition (x) It is the graph which shows change. 
In addition, the result of drawing 6 is performed in each presentation on the membrane formation 
conditions from which maximum was obtained. Moreover, the obtained alloy thin film magnet 
checked that an aspect ratio was the crystalline structure which showed drawing 1 by 20-50 by 
electron microscope observation. Also setting in a Pr-Fe-B system so that clearly from this 
result, addition of Ag below 1 .5 atom % is (BH) max. It turns out that it is effective in 
improvement. 

[0023] The alloy of example of comparison 15.0 atom %Pr-79.2 atom %Fe-5.5 atom %B-0.3 atom 
%Ag was dissolved from high-frequency heating in the argon gas ambient atmosphere, it blew off 
on the steel single roll (200mmphi) which rotates by roll surface-velocity 10 m/s, and the 
quenching thin band was created. The thickness at this time was 20 micrometers. Moreover, it 
checked that the obtained thin film was the crystalline structure which showed said drawing 2 by 
electron microscope observation. About the obtained thin film, it is (BH) max by VSM. When 
measured, only 14MGOe(s) were obtained at the maximum. 
[0024] 

[Effect of the Invention] This invention is constituted as mentioned above and the rare~earth- 
elements-Fe-B system thin film permanent magnet which is thin meat and can moreover 
demonstrate good magnetic properties has been realized. 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the detailed organization of the permanent magnet 
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concerning this invention. 

[Drawing 2] It is the mimetic diagram showing the detailed organization of the conventional 
permanent magnet. 

[Drawing 3] (BH) max of the Nd-Fe-B system thin film magnet of this invention It is the graph 
which showed the presentation range where a value exceeds 14MGOe(s). 

[Drawing 41 (BH) max of the Pr-Fe-B system thin film magnet of this invention It is the graph 
which showed the presentation range where a value exceeds 14MGOe(s). 
[Drawing 51 Nd1 2-Fe83-x-B5-Agx of this invention (BH) max of a thin film magnet It is the 
graph which showed change by Ag addition which can be set. 

[Drawing 6] Pr12~Fe83-x-B5-Agx of this invention (BH) max of a thin film magnet It is the graph 
which showed change by Ag addition which can be set. 
[Description of Notations] 

1 Grain Boundary Phase 

2 The Main Phase Crystal Grain 

3 Substrate 

4 Grain Boundary 

5 The Magnetic Main Phase 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



'■• > . 



DRAWINGS 



[ Drawi ng 1] 




[Drawing 2 ] 
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[Drawing 3] 

30 0 




[Drawing 4] 

30 0 




[Drawing 5] 
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£ Drawin g_6] 




[Translation done.] 
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